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Objective. To assess agreement between ultrasound and computed tomography (CT) measurements from axial images of
normal and aneurysmatic aortic and common iliac artery diameter.
Design. Part of a population health screening for abdominal aortic aneurysm conducted in 1994–1995.
Materials and methods. Three hundred and thirty-four subjects with and 221 subjects without ultrasound-detected
aneurysm were scanned with CT. Three technicians and one radiologist measured ultrasonographic diameters and five
radiologists measured CT diameters. The paired ultrasound-CT measurement differences were analyzed to assess agreement.
Results. Compared to CT measurements, ultrasound slightly underestimated the diameter in normal aortas and tended to
overestimate the diameter in aneurysmal aortas. In 555 ultrasound-CT pairs of measurements, the absolute differences for
measurements of maximal aortic diameter were 2 mm or less in 62, 60 and 77% in anterior–posterior, transverse and
maximum diameter in any plane, respectively. The corresponding figures for an absolute difference of 5 mm or more were 14,
18 and 8%, respectively. Variability increased with increasing diameter.
Conclusions. Both ultrasound and CT measurements of abdominal aortic diameter are liable to variability and neither of
these methods can be considered to be ‘gold standard’. Both methods can be used, while taking variability into consideration
when making clinical decisions.
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Introduction
Ultrasound is cost-effective, easily available and
transportable, and has found increasing use in many
screening programmes for abdominal aortic aneur-
ysms.1 – 3 Due to its extensive use both in screening
programmes and in routine abdominal diagnosis, an
increasing number of abdominal aortic aneurysms are
diagnosed. However, clinical decision making,
whether to operate or not, is mostly based on the
maximum aortic diameter measured on the computed
tomography (CT) scans. Aneurysms, too small to be
subject for surgery, are followed with yearly ultra-
sound examinations. Thus, there is a need for studies
concerning how well ultrasound and CT measure-
ments compare. Few studies have addressed the
agreement between ultrasound and CT measurements
of aortic diameter,4 – 9 particularly including aortas
both with and without aneurysms.6,7 Only two studies
included more than 100 subjects.4,5 In a study
including aortas with diameter 40–54 mm, Lederle
et al.4 found that differences in aortic diameter
measured by ultrasound and CT of 5 mm or more
were common (33% of the comparisons). In a recently
published multi-centre study by Sprouse et al.5 with
334 subjects having endoluminally-repaired aneur-
ysms, the maximal aortic diameter consistently was
assessed to be significantly larger by CT than by
ultrasound. We previously have published results of
intraobserver and interobserver variability in measur-
ing the abdominal aorta by ultrasound10 and CT.11 In
the present study, we compare the measurements of
the abdominal aorta and common iliac arteries by
ultrasound and CT in 555 subjects who had undergone
Eur J Vasc Endovasc Surg 28, 158–167 (2004)
doi: 10.1016/j.ejvs.2004.03.018, available online at http://www.sciencedirect.com on
*Corresponding author. K. Singh, MD, Department of Radiology,
University Hospital of North-Norway, Tromsø 9038, Norway.
1078–5884/020158 + 10 $35.00/0 q 2004 Elsevier Ltd. All rights reserved.
ultrasound examination of the abdominal aorta as a
part of a population based screening survey.
Material and Methods
Study design and measurements
The Tromsø study is a population-based prospective
study of inhabitants in the municipality of Tromsø,
Norway. The study, with cardiovascular disease as a
main focus, has a design which includes repeated
population health surveys.12
The fourth cross-sectional survey was conducted in
1994–1995. As a part of this study, 6892 subjects
attended for ultrasound screening of abdominal aortic
aneurysms (79% of the eligible population) as detailed
elsewhere.12 The Regional Committee for Medical
Research Ethics approved both the ultrasound10 and
CT11 study.
Ultrasound study
Measurements of the external aortic and common iliac
artery diameter were taken in both anterior–posterior
and transverse plane, at different levels as shown in
Fig. 1. The abdominal aorta was first visualized in the
longitudinal plane tilting the transducer to accommo-
date for the angulation and tortuosity. The measure-
ments were taken on the screen from true orthogonal
axial images frozen in systole. Likewise, both common
iliac arteries were examined in the longitudinal plane
and measurements taken on axial images, at their
origin. Three technicians and one radiologist per-
formed 96% of the ultrasound examinations with
3.5 MHz sector probe and 5 MHz linear probe (Acuson
128-XP). The measurement variability, studied in 112
men and women, was within 4 mm, as published
previously.10 An aortic aneurysm was defined as
present if one or more of the following criteria were
met: (1) the aortic diameter at the renal level was equal
to or greater than 35 mm in either anterior–posterior
or transverse plane, (2) the infrarenal aortic diameter
was $5 mm larger than renal aortic diameter in either
plane, (3) a localized dilatation of the aorta was
present.
Altogether 348 subjects met these criteria and were
referred to the Department of Radiology for routine
CT examination, and 334 subjects (96%) attended the
CT examination. The subjects with non-aneurysmal
aortas were selected from the general population.
When contacted by telephone, a short time after the
ultrasound screening had taken place, 260 subjects of
both sexes with normal aortas indicated willingness to
be included in the CT study. After invitation, 203 (78%)
subjects agreed to participate. In the present study, we
also included 27 subjects with normal aortas, selected
from the screening programme, and referred to CT
because of incidental findings of abdominal lump or
other pathology. Thus, a total of 230 men and women
without an aneurysm, as assessed with ultrasound,
were included in our study.
The computed tomography (CT) examination
The CT examination was carried out with Siemens CT
(Somatom HIQ Type 600 Serial Nr. 8349). The
examination was done with 10 mm slice thickness
and 10 mm increment. The external aortic and
common iliac artery diameters were measured in the
anterior–posterior and transverse plane at different
levels as shown in Fig. 1.
The CT examination methodology has been
described previously.11 Usually subjects with ultra-
sound-assessed aneurysms had continuous intrave-
nous contrast injection and subjects without suspected
aneurysm had studies without contrast media. There
Fig. 1. Different measurement levels of aortic and common
iliac artery diameter measurements with ultrasound and
computed tomography on axial scans.
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were 16 exceptions to this rule: CT examination with
contrast was performed in eight subjects, with a
normal aorta, referred only because of an ultrasound
assessed intra-abdominal lump and in a further eight
subjects, with aneurysm, the CTexamination was done
without contrast medium due to known or suspected
allergy to the contrast medium or known renal failure.
All CT examinations were stored on an optic disc and
measurements were made on screen at a workstation,
using electronic calipers. The external aortic and
common iliac artery diameter was measured both in
the anterior–posterior and transverse plane. Efforts
were made to obtain true orthogonal anterior–
posterior and transverse plane diameter measure-
ments on oblique images resulting from the tortuosity
and angulation of aorta and iliac arteries. The
participating radiologists had no access to data from
the ultrasound examination.
Out of the 564 study subjects, two had cancer and
were further referred to the surgery department for
evaluation, without aortic measurements after the CT
examination. Further, the maximal aortic diameter was
impossible to measure by ultrasonography in seven
other subjects. Therefore, 555 subjects (334 with and
221 without aneurysm) with ultrasound and CT
measured maximal aortic diameter in both anterior–
posterior and transverse plane were included in the
analysis (Table 1). The measurements taken 1 cm
below the renal arteries were not included in our
analyses due to the high correlation with the maximal
infrarenal diameter in subjects without an aneurysm
ðr ¼ 0:98Þ: The available numbers of ultrasound and
CT pairs for measurements at renal, 1 cm infrarenal
and bifurcation level were lower due to the difficulty
in ultrasound measurement at these levels. The
measurements with ultrasound at the suprarenal and
both common iliac artery levels were mainly per-
formed by one of the participating radiologists and
hence, fewer measurement pairs were available for
analysis (Table 2).
Statistical analysis
The differences between ultrasound and CT measure-
ments were estimated by calculating arithmetic differ-
ence between repeated measurements on the same
subject. Mean differences between ultrasound and CT
measurements show the estimated bias. The standard
deviation of the differences measures random
fluctuations around the mean. Variability was
calculated as 1.96 times the standard deviation of the
mean arithmetic difference according to Bland and
Altman.13 Limits of agreement were calculated as
mean difference ^1.96 SD. The differences were
reasonably normally distributed except for a few
outliers. To examine whether measurement variability
was of the same magnitude when measuring small or
large aortic diameters, we plotted the arithmetic
differences between ultrasound and CT measurements
against their average diameter. We also estimated
variability by calculating the mean absolute difference
between ultrasound and CT measurements, and the
percentage of the absolute differences 2 mm or less,
3 mm or less, 4 mm or less and 5 mm or less as
adopted by Lederle et al.4 The results are also reported
as ‘clinically acceptable differences’ (CAD) as pro-
posed by Jaakkola et al.6 expressing the proportion of
differences less than 5 mm.
The associations between the differences and
selected factors that may influence use of ultrasound
(age, gender, smoking and obesity) were tested by
analysis of variance. Two-sided p-values less than 0.05
were considered to indicate statistical significance. The
SAS software package was used.14
Results
Characteristics of the two groups, with and without
aneurysm, participating in the present study ðn ¼ 555Þ
are shown in Table 1. Compared to subjects without an
Table 1. Characteristics of the participants in the computed tomography and ultrasound study
Characteristic Ultrasound assessed abdominal aortic aneurysm
Yes No P value
n ¼ 334 n ¼ 221
Age (years) 66.1 (6.3) 63.3 (9.1) ,0.0001
Male (%) 79.6 54.3 ,0.0001
Systolic blood pressure (mmHg) 139.6 (22.0) 136.3 (22.2) 0.10
Serum total cholesterol (mmol/l) 6.57 (1.28) 6.17 (1.30) 0.0005
Plasma fibrinogen (mmol/l) 3.55 (0.87) 3.24 (0.87) ,0.0001
Serum HDL-cholesterol (mmol/l) 1.26 (0.39) 1.35 (0.43) 0.02
Smoking (%) 52.9 28.8 ,0.0001
Body mass index (kg/m2) 26.4 (3.9) 25.5 (3.8) 0.018
Values are age and sex adjusted means (SD), or percent for the two groups with and without aneurysm.
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aneurysm, subjects with aneurysm were 2.8 years
older, a higher proportion were male and smokers,
and they had higher age- and sex-adjusted total serum
cholesterol, plasma fibrinogen, body mass index and
lower serum HDL cholesterol. Systolic blood pressure
was not significantly different in the two groups.
The mean aortic diameter assessed by ultrasound
and CT according to measurement plane, aortic level
and presence of aneurysm is detailed in Table 2. The
mean maximal aortic diameter measured by CT in the
anterior–posterior plane was 22.0 and 34.6 mm in
normal and aneurysmal aortas, respectively. These
measurements were slightly higher than the corre-
sponding ultrasound measurements.
Mean differences
Pooled analysis, including all aortic and both common
iliac artery levels, totaled 3686 measurement pairs. The
mean difference (95% CI) for ultrasound—CT pairs
was20.20 mm (95% CI:20.34,20.07), indicating that
diameter was measured slightly lower with ultra-
sound than CT (Fig. 2 and Table 3). For aortas, with
maximal aortic diameter ,30 mm, ultrasound under-
estimated the diameters as compared to CT (mean
difference 20.48 mm (95% CI: 20.60, 20.35)). In
contrast, ultrasound showed a tendency to give higher
readings than CT when the diameter was measured in
small (30–39 mm) aortic aneurysms (mean difference
0.22 mm (95% CI: 20.06, 0.50)) and large aortic
aneurysms over 39 mm (mean difference 0.31 mm
(95% CI: 20.45, 1.07)). Thus, overall, there was a
linear trend between the mean difference and maxi-
mum aortic diameter measured by ultrasound. This
trend was observed for both measurement planes and
most measurement levels, including the maximal
infrarenal level. In particular, this was reflected in
the measurements of the maximum aortic diameter
where the mean overall difference was 20.11 mm
(95% CI: 20.33, 0.11) for all measurement pairs ðn ¼
1110Þ; negative (20.64 mm) for measurements of
normal aortic diameters and positive for measure-
ments of aortic diameters of small (0.67 mm) and large
(1.09 mm) aneurysms, confirming the systematic bias
in measurements (Table 3).
In the anterior–posterior plane, ultrasound read-
ings were on average lower than CT readings. In the
transverse plane measurements, the opposite was true.
However, for both planes, the tendency for higher
readings from ultrasound than from CT with increas-
ing aortic diameter was observed. Fig. 2 shows the
differences between ultrasound and CT measurements
according to their average aortic diameter.
When restricting analyses to the readings for the
single radiologist participating in both ultrasound and
CT examinations (n ¼ 596 pairs), the mean difference
was 20.50 mm (95% CI: 20.78, 20.22). The mean
Table 2. Ultrasound and CT measured abdominal aortic and common iliac artery diameter (mm) and paired differences in participating
subjects according to ultrasound-assessed aneurysm. The Tromsø study
Subjects with aneurysm ðn ¼ 334Þ Subjects without aneurysm ðn ¼ 221Þ
No.
of pairs
Ultrasound
(mm)
CT
(mm)
Difference (SD)
(mm)
No.
of pairs
Ultrasound
(mm)
CT
(mm)
Difference (SD)
(mm)
Aortic diameter at:
One cm suprarenal level: 61 25
Anterior–posterior plane 26.4 (4.3) 25.8 (2.3) 0.6 (4.2) 23.2 (2.5) 23.7 (2.7) 20.5 (2.2)
Transverse plane 28.9 (6.2) 25.7 (3.0) 3.2 (6.3) 24.0 (2.8) 24.0 (2.6) 0.0 (2.1)
Renal artery level: 303 208
Anterior–posterior plane 24.0 (4.4) 24.7 (3.4) 20.7 (3.9) 21.0 (2.9) 22.3 (2.6) 21.3 (2.4)
Transverse plane 25.3 (5.2) 24.8 (4.2) 0.5 (4.9) 22.1 (3.0) 22.6 (2.8) 20.5 (2.5)
One cm infrarenal level: 280 206
Anterior–posterior plane 23.8 (4.6) 24.6 (3.8) 20.8 (4.1) 19.9 (2.7) 21.6 (2.7) 21.7 (2.0)
Transverse plane 25.0 (5.5) 24.0 (4.6) 1.0 (5.3) 20.9 (2.9) 21.3 (2.7) 20.4 (2.2)
Bifurcation level: 315 215
Anterior–posterior plane 24.4 (6.6) 24.8 (6.1) 20.4 (5.9) 18.2 (2.8) 19.1 (2.4) 20.9 (1.8)
Transverse plane 25.9 (7.4) 25.9 (7.2) 0.0 (7.0) 19.1 (2.9) 19.5 (2.5) 20.4 (2.0)
Maximal infrarenal level: 334 221
Anterior–posterior plane 34.3 (10.3) 34.6 (10.8) 20.3 (3.5) 20.1 (2.8) 22.0 (3.0) 21.9 (2.2)
Transverse plane 36.3 (10.8) 34.6 (11.2) 1.7 (4.5) 21.2 (3.0) 21.9 (3.2) 20.7 (2.5)
Right common iliac artery 51 25
Anterior–posterior plane 15.9 (5.3) 16.3 (6.4) 20.4 (3.3) 13.4 (2.7) 14.2 (2.7) 20.8 (1.4)
Transverse plane 16.8 (5.4) 16.6 (6.4) 0.2 (4.3) 13.6 (3.0) 14.4 (2.6) 20.8 (1.7)
Left common iliac artery: 58 26
Anterior–posterior plane 15.1 (3.1) 15.4 (3.5) 20.3 (3.2) 12.6 (1.9) 13.4 (1.4) 20.8 (1.9)
Transverse plane 15.8 (3.8) 14.7 (3.6) 1.1 (3.8) 13.0 (2.1) 13.5 (1.7) 20.5 (2.4)
Values are mean (SD) mm.
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Table 3. Differences between ultrasound and CT measurements and variability of abdominal aortic and common iliac artery diameter measurements. The Tromsø study
Total Maximal aortic diameter ,30 mm* Maximal aortic diameter 30–39 mm* Maximal aortic diameter .39 mm*
n Mean (95% CI) mm Variability n Mean (95% CI) mm Variability n Mean (95% CI) mm Variability n Mean (95% CI) mm Variability†
All measurements 3686 20.20 (20.34, 20.07) 8.3 2298 20.48 (20.60, 20.35) 6.1 993 0.22 (20.06, 0.50) 8.7 395 0.31 (2 0.45, 1.07) 15.1
Measurement Plane:
Anterior–posterior 1842 20.75 (20.92, 20.58) 7.3 1149 21.02 (21.17, 20.86) 5.3 496 20.43 (20.78, 20.08) 7.7 197 20.03 (21.00, 0.95) 13.6
Transverse 1844 0.34 (0.13, 0.55) 9.0 1149 0.06 (20.14, 0.26) 6.7 497 0.87 (0.44, 1.29) 9.4 198 0.64 (20.54, 1.82) 16.5
Measurement level:
Suprarenal 172 1.27 (0.54, 1.99) 9.5 86 1.53 (0.46, 2.61) 9.9 64 1.09 (20.13, 2.31) 9.6 22 0.73 (21.12, 2.57) 8.2
Renal 1023 20.40 (20.63, 20.16) 7.5 662 20.67 (20.91, 20.43) 6.1 262 20.15 (20.66, 0.35) 8.2 99 0.79 (20.43, 2.01) 12.0
Bifurcation 1060 20.39 (20.70, 20.08) 10.1 682 20.50 (20.72, 20.29) 5.6 268 20.18 (20.84, 0.48) 10.8 110 20.19 (22.36, 1.98) 22.5
Maximal infrarenal 1110 20.11 (20.33, 0.11) 7.2 700 20.64 (20.87, 20.42) 6.0 282 0.67 (0.23, 1.12) 7.5 128 1.09 (0.11, 2.07) 11.0
Right common iliac a 153 20.31 (20.84, 0.21) 6.4 80 20.09 (20.68, 0.50) 5.2 55 0.24 (20.67, 1.14) 6.6 18 23.00 (25.14, 20.86) 8.5
Left common iliac a 168 0.09 (20.40, 0.58) 6.3 88 0.19 (20.43, 0.82) 5.8 62 0.55 (20.29, 1.38) 6.4 18 22.00 (23.83, 20.17) 7.2
*Grouped after ultrasound measured maximal anterior–posterior aortic diameter.
†Variability is calculated as 1.96*standard deviation of the mean difference.
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difference between the ultrasound and CT measure-
ments was associated with increased age (aged 70 and
above), whereas in subjects with an aneurysm, the
largest mean difference was in younger subjects (,55
years old). The largest difference between ultrasound
and CT measurements (3.3 mm) was found in subjects
with an aneurysm and aged 55 or less (results not
shown in the tables).
The variability and the limits of agreement
The variability, defined as 1.96 SD of the mean
differences within which 95% of the measurement
differences are expected to lie, was 8.3 mm in the pooled
analysis of all aortic and iliac artery levels in the two
planes. Limits of agreement were 28.5, 8.1 mm. The
variability increased from 6.1 mm (normal aortas) to
8.7 mm (small aneurysms) and to 15.1 mm for measure-
ments of aortic diameters in large aneurysms (Table 3).
The same pattern of variability was observed for
measurements in the anterior–posterior and transverse
plane and at renal, bifurcation and maximal infrarenal
aortic levels. For measurements of the maximum
infrarenal aortic diameter, the variability increased
from 6.0 mm for measurements of normal aortic, to
7.5 mm for small aneurysm, to 11.0 mm for large
aneurysm diameters. Variability was highest for
measurements at the bifurcation level for aortic diam-
eters of 40 mm or more (Table 3).
A similar, but less prominent pattern of variability
was evident from the measurements of both ultra-
sound and CT by the same radiologist (variability 4.7,
4.4 and 17.8 mm, respectively). One individual, with a
congenital anomaly of urinary system (‘horseshoe
kidney’), had false positive detection of a large
aneurysm at ultrasound examination. When this
subject was excluded from the analysis, there was no
significant difference in variability in measuring the
maximum diameter in normal, small and large
diameters (variability reduced to 6.6 mm in the
group of large diameters). Variability for this radiol-
ogist for common iliac artery measurements was lower
than at other levels and there was no evidence for an
increase in difference and variability with increasing
diameter measured (results not shown in the tables).
We found no consistent pattern of difference in the
variability according to gender, age, current smoking
and body mass index (results not shown in the tables).
Absolute differences
For measurements of the maximal aortic diameter in
the anterior–posterior plane, the absolute differences
(95% CI) between ultrasound and CT measurements
were 2 mm or less in 62% (95% CI: 58, 66), 3 mm or less
in 78% (95% CI: 75, 82), and 4 mm or less in 87% (95%
CI: 83, 89) of the measurement pairs, respectively
(Table 4). Only 14 and 18% of the differences were
5 mm or more in the anterior–posterior and transverse
plane measurements, respectively (Fig. 3). Hence, the
clinically acceptable difference (CAD, the proportion
of the differences less than 5 mm) value was 87 and
83% for measurements in the anterior–posterior and
transverse plane, respectively. For measurement of
maximum infrarenal aortic diameter in any plane,
only 8% of the absolute differences were 5 mm or more
(CAD value 92%). For non-aneurysmal aortas, the
CAD value was 87 and 90% in the two measurement
planes, respectively. For aneurysmal aortas, the corre-
sponding CAD values were 86 and 77%, respectively.
Only 1 and 6% of the measured differences in
aneurysmal aortas were 10 mm or more in the two
Fig. 3. Plot of ultrasound and CT measured differences
against their average diameter for measurements at the
maximal infrarenal aortic diameter level in both anterior–
posterior and transverse plane.
Ultrasound and CT Measurements of Aortic Aneurysms 163
Eur J Vasc Endovasc Surg Vol 28, August 2004
planes, respectively. All the differences were 8 mm or
less for the measurement of normal aortas.
For intraobserver ultrasound and CT comparisons
using a single radiologist ðn ¼ 57Þ; the absolute
differences of maximum aortic diameter were 5 mm
or more in 4 and 12% in the anterior–posterior and
transverse plane, respectively. The absolute differences
for measurements of maximum aortic diameter in any
direction were 3 mm or less in 95% (95% CI: 86, 99) and
5 mm or more in 5% of measurement pairs.
Although outside the main focus of this paper, we
noted that 274 (82%) of the 334 subjects with
ultrasound-assessed aortic aneurysm had the diag-
nosis confirmed by CT. Aortic aneurysms affected
either single or both common iliac arteries in 13% of
the subjects. In nine subjects the aneurysms extended
to the left common iliac artery, in 14 to the right
common iliac artery and in 19 of the subjects the aortic
aneurysm affected both common iliac arteries, as
assessed by CT.
Discussion
There are two principal findings of this study. First,
ultrasound underestimates aortic diameter in
measurements of normal-sized aortas (,30 mm) as
compared to CT, whereas the opposite seems to be true
for aneurysmal aortas. Second, measurement varia-
bility increases with increasing aortic diameter. How-
ever, the differences in diameter of the aorta, measured
with ultrasound and CT, both in subjects with normal
aortas and aneurysms, were relatively small (the mean
difference was less than 1 mm for most comparisons)
and of little or no clinical importance. Therefore, the
clinically important finding is the increasing measure-
ment variability with increasing aortic diameter.
There is no consensus concerning the definition of
an aortic aneurysm and most published reports use
some cut-off point of the measured maximum aortic
diameter. This makes it difficult to compare the results
from different studies.7 However, results from com-
parable studies of ultrasound and CT measurement of
maximal aortic diameter are tabulated in Table 5,
together with results from our own study. There are
only two previously published studies dealing with
normal aortic diameter,6,7 both studies were small
(,29 subjects compared to 221 subjects in our study).
The reported standard deviations of the measured
differences in these studies (Table 5) were comparable
and relatively small.
For aneurysmal aortas, there is less agreement
among previous studies regarding paired differences
and variability. Only two of these previous studies
included more than 100 subjects.4,5 When we com-
pared our results to the results from the large study by
Lederle et al. (including 258 subjects), we observed a
lower proportion of absolute differences exceeding 2
and 5 mm. The recent study by Sprouse et al.5 showed
a much higher level of disagreement between ultra-
sound and CT measurements, 49% of the paired
differences exceeding 10 mm. Thus, the disagreement
observed in our study between ultrasound and CT
measurements is lower compared to these two other
large studies.4,5
Our results for measuring the aortic diameter
showed the largest variability at the bifurcation level
measurements, reflecting the difficulty in deciding
what constitutes the bifurcation with both ultrasound
and CT. At the level of the iliac artery, the standard
deviation of the difference between the diameter
measured by ultrasound and CT did not seem to
depend on the maximum aortic diameter, and the
limits of agreement were narrower than at aortic
Table 4. Percentages of absolute differences in computed tomographic and ultrasound measurements of the maximal infrarenal aortic
diameter lying within specified limits. The Tromsø study
Measurement Plane
Anterior–posterior Transverse Maximal diameter in any plane
Difference Percent Cumulative% (95% CI) Percent Cumulative % (95% CI) Percent Cumulative % (95% CI)
n ¼ 555
0–1 mm 40.9 40.9 (36.8, 45.1) 40.5 40.5 (36.5, 44.7) 63.8 63.8 (59.7, 67.7)
2 mm 21.1 62.0 (57.9, 66.0) 19.3 59.8 (55.7, 63.8) 13.2 76.9 (73.3, 80.3)
3 mm 16.4 78.4 (74.8, 81.7) 13.7 73.5 (69.7, 77.1) 9.6 86.5 (83.4, 89.1)
4 mm 8.1 86.5 (83.4, 89.1) 9.0 82.5 (79.2, 85.5) 5.6 92.1 (89.6, 94.1)
5 mm or more 13.5 100 17.5 100 7.9 100
Ultrasound and CT measurements by the same radiologist ðn ¼ 57Þ
0–1 mm 47.4 47.4 (34.7, 60.3) 50.9 50.9 (38.0, 63.7) 64.9 64.9 (51.9, 76.4)
2 mm 22.8 70.2 (57.4, 80.9) 17.5 68.4 (55.6, 79.5) 21.1 86.0 (75.1, 93.3)
3 mm 21.1 91.2 (81.6, 96.7) 17.5 86.0 (75.1, 93.3) 8.8 94.7 (86.3, 98.6)
4 mm 5.3 96.5 (88.9, 99.4) 1.8 87.7 (77.2, 94.5) 0.0 94.7 (86.3, 98.6)
5 mm or more 3.5 100 12.3 100 5.3 100
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Table 5. Studies on comparison between ultrasound and CT measurements of maximal infrarenal aortic diameter in subjects with and without aneurysms
Study Type of study n Mean difference
ultrasound–CT (mm)
SD (mm) 95% limits of agreement Absolute differences (%)
2 mm or less 5 mm or more 10 mm or more
Studies with and without aneurysms
Jaakkola6 Clinical 33 22.1 – – 54 16 –
Thomas8 Clinical 36 24.4 3.2 210.7, 1.9 – – –
Wanhainen7 Epidemiological 61 þ0.9 4.0 27.1, 8.9 44 25 0
Present study Epidemiological 555
AP plane 20.97 3.2 27.2, 5.2 62 14 6
TR plane 0.75 4.0 27.0, 8.5 60 18 4
Studies with aneurysms
Jaakkola6 Clinical 19 22.6 3.9 210.4, 5.2 48 26 –
Ellis9 Clinical 10 þ 9 þ0.1–3.1 – – – – –
Lamah15 Clinical 93 23.8 na na na na na
Gomes16 Clinical 28 21.0 – – – – 57
Grimshaw17 Epidemiological 20 20.1 1.8 23.5, 3.4 – – –
Lederle4 Epidemiological 258 22.7 4.9 212.4, 7.0 44 33 –
Wanhainen7 Epidemiological 33 20.7 4.1 28.8, 7.5 42 24 0
Sprouse5 Clinical 334 29.4 6.9 222.9, 4.1 48
Present study Epidemiological 334
AP plane 20.34 3.5 27.3, 6.6 62 14 1
TR plane 1.7 4.5 27.0, 10.5 52 23 6
Studies without aneurysms
Jaakkola6 Clinical 14 21.5 2.1 26.2, 2.0 61 5 –
Wanhainen7 Epidemiological 28 þ2.8 2.9 22.9, 8.5 46 25 0
Present study Epidemiological 221
AP plane 21.9 2.2 26.2, 2.3 62 13 0
TR plane 20.7 2.5 25.5, 4.1 72 10 0
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levels. However, this finding might have resulted from
the diameter of the iliac arteries being measured by
ultrasound, mainly by a radiologist with more
experience than the technicians and only measure-
ments at the origin of common iliac arteries were
included in the analysis, not measurements of few
isolated iliac aneurysms.
The variability between these two methods may
involve differences in observer, time of testing, and
method of measurement, technology used and the
definition of the measurement site. In our study, six
different radiologists participated in routine CT
measurements although majority of measurements
(91%) were done by three of the participating
radiologists. Four persons performed the majority of
ultrasound measurements (16% by the radiologist, 11,
24 and 45% by the three technicians, respectively). The
intraobserver variability was considerably less than
interobserver variability for both ultrasound and CT
measurements.10,11 When single observer measure-
ments were analysed, eliminating the interobserver
variability, the trend to measure smaller diameters by
ultrasound in normal aortas and equal or larger
diameters in aneurysmal aortas was reduced. This
confirms the desirability of reducing the number of
observers in measurements in order to reduce varia-
bility. Therefore, efforts should be made to restrict
measurements to as few hands as possible in order to
reduce or eliminate interobserver variability. Several
different observers, for both ultrasound and CT
measurements in our study, may have contributed to
the increased variability. Other factors, such as
pulsatility, also could have contributed to the varia-
bility in our study. Although we controlled for
pulsatility by freezing the axial images in systole
during ultrasound measurements, this was not poss-
ible during conventional CT imaging. On the other
hand, our results probably reflect the variability in
routine clinical work.
We measured the external diameter of aorta at
different levels and of both common iliac arteries (Fig.
1) on the axial scans, both in the anterior–posterior
and transverse plane. It was left to the individual
observers to decide which scans represented the
suprarenal, renal, 1 cm infrarenal, bifurcation and
maximal infrarenal level of measurement. Selection
of different scans for the same level measurements
may have contributed to the variability. Difficulties in
deciding what constituted the outer boundary of aortic
wall, with both ultrasound and CT, may also have
contributed to the variability. The difficulty in measur-
ing the true orthogonal anterior–posterior and trans-
verse diameter on oblique axial images with CT
because of tortuous and angled arteries is well
recognized and probably contributed to the disagree-
ments shown in our study.
Due to the use of contrast medium during the CT
examination of subjects with an aneurysm, it was
possible to infer that the subject had a screening-
detected aneurysm. This may have influenced the
measurement of the diameter with CT of borderline
aneurysms, which might have increased variability
in these specific cases. However, it is unlikely that
this could have had any major influence on the
overall measurement variability.
Both ultrasound and CT technology are under
continuous development. In the developed world,
rapid multislice CT has largely replaced the conven-
tional CT technology used in this study. The multislice
technology makes it possible to rapidly acquire
thinner axial slices of aorta and common iliac arteries
with multi-planar angiographic reconstructions and
volumetric measurements. Basic information and
measurement variability remains as long as physicians
evaluate the scans and conventional CT technology is
still in use in many centers, with measurements made
manually on axial images. With more modern CT
technology it is possible to reduce misclassification
due to tortuosity of the arteries and gain additional
information about accessory renal arteries and the
extent of renal artery involvement in juxtarenal
aneurysms. It is a major challenge to study measure-
ment reproducibility with the new measurement
technologies and to determine the comparability
with other techniques that are less costly and without
radiation hazards, like ultrasonography.
Our study shows that there is a considerable
disagreement between ultrasound and CT measure-
ments of aortic diameter, confirming previous reports
largely based on small studies. However, the disagree-
ment observed in our study was lower than two
previous large studies.4,5 Neither ultrasound nor CT
represents the ‘gold standard’. Ultrasound should be
used as a screening tool as it has clear advantage of
being cheap, transportable and without radiation
hazard. CT has better anatomical and morphological
resolution and is a method of choice for preoperative
assessment of aneurysms. There is a major challenge in
deciding which method should be used for the
periodic clinical follow up of patients with small and
medium sized aneurysms and endoluminally stent-
graft repaired aortic aneurysms.
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